Method for Forming Printing Inspection Data 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention relates to a method for forming 
printing inspection data used in a printing inspection apparatus 
for inspecting the printed state of a cream solder printed on 
a board. 

2. Description of the Related Art 

In mounting electronic parts, cream solder is applied to 
the surface of a board before the electronic parts are mounted 
on the board. As a method for applying the cream solder, a 
screen printing method is widely employed. After a printing 
step, a printing inspection for inspecting the printed state 
of the cream solder is carried out. This printing inspection 
decides whether or not the cream solder is properly printed 
on a printing position by picking-up the image of the board 
after the screen printing by a camera and processing the image 
of the picked-up result. Then, before the printing inspection, 
inspecting data for instructing the printing position on which 
the cream solder of the board to be inspected is printed is 
inputted to a printing inspection apparatus. 

The inspecting data has been hitherto formed by various 
kinds of methods. For example, a variety of kinds of methods 
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include a method of using mask data showing the forms of pattern 
holes of a mask plate used for printing, a method of obtaining 
electrode positions from the mounting data of a board, a method 
of obtaining these data from an actual mask plate used for 
printing, etc. The method for using the mask plate of these 
methods serves to detect the opening positions or the forms 
of the pattern holes by a method of recognizing images or the 
like . In this method, the inspecting data canbe advantageously 
formed on the spot of production even when the mask data or 
the mounting data is not given. 

However, the method of using the mask plate has problems 
as described below. When the opening parts of the mask plate 
are detected by recognizing the images, the image pick-up visual 
field of a camera used for picking-up images is ordinarily 
smaller than the size of the mask plate. In order to recognize 
an image, the image needs to be picked up a plurality of times 
while the image pick-up visual field of the camera is moved 
on the mask plate. Then, recognized results obtained by a 
plurality of images are combined together to detect the position 
or the form of each opening part on the mask plate. 

However, at this time, each opening part is not necessarily 
incorporated in any of the image pick-up visual fields in a 
complete form, and the opening parts may sometimes partly 
protrude from one image pick-up visual field. In such a case, 
it has been hitherto difficult to precisely obtain the positions 
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or the forms of the openingparts, so that the simple and efficient 
formation of the inspecting data using the mask plate has been 
prevented. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a method for forming printing inspection data in 
which the inspecting data can be simply and efficiently formed 
by using a mask plate. 

A first aspect of the invention provides a method for 
forming printing inspection data which is used in a printing 
inspection apparatus for inspecting the printed state of the 
cream solder of a board after a screen printing to form the 
inspecting data including configuration and position data 
showing the configurations and positions of solder printing 
parts in which the cream solder is printed on a printing surface, 
wherein, in a mask data obtaining step for obtaining element 
configuration and position data showing the configurations and 
the positions of the element solder printing parts printed on 
electrodes for connecting together electronic parts provided 
on the circuit forming surface of the board by detecting opening 
parts of amaskplate on thebasis of images obtainedby picking-up 
the images of the mask plate used for the screen printing by 
a camera, when the image pick-up visual field of the camera 
is sequentially moved to a plurality of visual field positions 
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set to the mask plate in accordance with a prescribed moving 
sequence to obtain a plurality of images, if an incomplete 
opening part in which a part of the opening part partly protrudes 
so that a configuration is not completed is detected from an 
image obtained in one image pick-up visual field, a process 
for obtaining a complete opening part to which the incomplete 
opening part belongs is carried out in accordance with the 
detected result. 

A second aspect of the invention provides a method for 
forming printing inspection data which is used in a printing 
inspection apparatus for inspecting the printed state of the 
cream solder of a board after a screen printing to form the 
inspecting data including configuration and position data 
showing the configurations and positions of solder printing 
parts in which the cream solder is printed on a printing surface, 
wherein, in a mask data obtaining step for obtaining element 
configuration and position data showing the configurations and 
the positions of element solder printing parts printed on 
electrodes for connecting together electronic parts provided 
on the circuit forming surface of the board by detecting opening 
parts of a mask plate on the basis of images obtained by pic king-up 
the images of the mask plate used for the screen printing by 
a camera, when the image pick-up visual field of the camera 
is sequentially moved to a plurality of visual field positions 
set to the mask plate in accordance with a prescribed moving 
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sequence to obtain a plurality of images, if an incomplete 
opening part in which a part of the opening part partly protrudes 
so that a configuration is not completed is detected from an 
image obtained in one image pick-up visual field, an adjacent 
image pick-up visual field in the end of the image in which 
the incomplete opening part is detected is overlapped on the 
one image pick-up visual field by an overlap margin determined 
by the size of the incomplete opening part in the image. 

A third aspect of the invention provides a method for 
forming printing inspection data according to the second aspect, 
wherein the plural visual field positions are set in a 
substantially grid shaped arrangement and the prescribedmoving 
sequence is a moving sequence performed in such a manner that 
a liner column movement toward the same direction from a start 
end to a terminal end in a first direction in the grid shaped 
arrangement is repeated in a second direction perpendicular 
to the first direction. 

A fourth aspect of the invention provides a method for 
forming printing inspection data according to the third aspect, 
wherein the overlap margin in the second direction of the overlap 
margins in which two adj acent image visual fields are overlapped 
in the second direction is set on the basis of a maximum size 
of sizes of the incomplete opening parts in the second direction 
which are detected in the first column movement and the same 
overlap margin in the second direction is used in a column 
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movement subsequent to the first column movement. 

A fifth aspect of the invention provides a method for 
forming printing inspection data which is used in a printing 
inspection apparatus for inspecting the printed state of the 
cream solder of a board after a screen printing to form the 
inspecting data including configuration and position data 
showing the configurations and positions of solder printing 
parts in which the cream solder is printed on a printing surface, 
wherein, in a mask data obtaining step for obtaining element 
configuration and position data showing the configurations and 
the positions of element solder printing parts printed on 
electrodes for connecting together electronic parts provided 
on the circuit forming surface of the board by detecting opening 
parts of a mask plate on the basis of images obtained by pic king-up 
the image of the mask plate used for the screen printing by 
a camera, when the image pick-up visual field of the camera 
is sequentially moved to a plurality of visual field positions 
set to the mask plate in accordance with a prescribed moving 
sequence to obtain a plurality of images, if an incomplete 
opening part in which a part of the opening part partly protrudes 
so that a configuration is not completed is detected from an 
image obtained in one image pick-up visual field, the incomplete 
opening part is registered as an opening part to be connected 
in the image, and then, a connecting process is carried out 
in which an opening part to be connected that is already 
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registered in an image obtained in an adjacent image pick-up 
visual field on the edge of the image edge where the opening 
part to be connected is detected and corresponds to the opening 
part to be connected is connected to the opening part to be 
connected to form one opening part. 

A sixth aspect of the invention provides a method for 
forming printing inspection data according to the fifth aspect/ 
wherein the plural visual field positions are set in a 
substantially grid shaped arrangement and the prescribed moving 
sequence is a moving sequence performed in such a manner that 
a liner column movement toward the same direction from a start 
end to a terminal end in a first direction in the grid shaped 
arrangement is repeated in a second direction perpendicular 
to the first direction. 

A seventh aspect of the invention provides a method for 
forming printing inspection data according to the sixth aspect, 
wherein when the opening part to be connected is dislocated 
from the already-registered opening part to be connected in 
the connecting process, both the opening parts are respectively 
moved by half an amount of dislocation toward the central point 
of dislocation. 

According to one of the aspects of the invention, in the 
mask data obtaining step for obtaining the positions or the 
configurations of the opening parts by picking-up the image 
of the mask plate, when the image pick-up visual field of the 
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camera is sequentially moved to a plurality of visual field 
positions set to the mask plate in a prescribed moving sequence, 
if the incomplete opening parts partly protruding from the image 
obtained in one image pick-up visual field are detected, a 
process for obtaining the complete opening parts to which the 
incomplete opening parts belong is performed based on the 
detected result. Therefore, the inspecting data can be simply 
and efficiently formed. 

According to one of the aspects of the invention, in the 
mask data obtaining step for picking-up the image of the mask 
plate to obtain the positions or the forms of the opening parts, 
when the image pick-up visual field of the camera is sequentially 
moved to the plural visual field positions set to the mask plate 
in accordance with a prescribed moving sequence, if the 
incomplete opening parts which partly protrude from the image 
obtained in one image pick-up visual field are detected, the 
adj acent image pick-up visual field is overlapped by the overlap 
margin determined based on the size of the incomplete opening 
parts in the image on the one image pick-up visual field to 
pick-up the image . Thus, an inconvenience due to the protrusion 
of the opening parts in the obtained image can be eliminated 
and the inspecting data can be simply and efficiently formed. 

According to one of the aspects of the invention, in the 
mask data obtaining step for obtaining the positions or the 
configurations of the opening parts by picking-up the image 
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of the mask plate, when the image pick-up visual field of the 
camera is sequentially moved to a plurality of visual field 
positions set to the mask plate in a prescribed moving sequence, 
if the incomplete opening parts partly protruding from the image 
obtained in one image pick-up visual field are detected, the 
incomplete opening parts are registered as the opening parts 
to be connected in this image, and then, a connecting process 
is carried out in which the opening parts to be connected that 
are already registered in the image obtained in the adjacent 
image pick-up visual filed in the edge of the image in which 
the opening parts to be connected are detected and correspond 
to the opening parts to be connected are connected to the opening 
parts to be connected to form complete openings respectively. 
Accordingly, the inspecting data can be simply and efficiently 
formed . 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view of a screen-printing apparatus 
according to a first embodiment. 

Fig. 2 is a side view of the screen-printing apparatus 
according to the first embodiment of the present invention. 

Fig. 3 is a plan view of the screen-printing apparatus 
according to the first embodiment of the present invention. 

Fig. 4 is a plan view of a board printing surface by the 
screen-printing apparatus according to the first embodiment 
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of the present invention. 

Fig . 5 is a block diagram showing the structure of a control 
system of the screen-printing apparatus according to the first 
embodiment of the present invention. 

Fig. 6 is a view showing the storage contents of a program 
storing part and a data storing part of the screen-printing 
apparatus according to the first embodiment of the present 
invention. 

Fig. 7 is an explanatory view of element form and position 
data of element solder printing parts of the screen-printing 
apparatus according to the first embodiment of the present 
invention. 

Fig . 8 is a flow chart for a mask plate image pick-up process 
for forming mask opening data in a method for forming print 
inspecting data according to the first embodiment of the present 
invention. 

Fig. 9 is a diagram showing visual field positions upon 
mask plate image pick-up process in the method for forming print 
inspecting data according to the first embodiment of the present 
invention . 

Fig . 10 is an explanatory view of the mask plate image pick-up 
process in the method for f ormingprint inspecting data according 
to the first embodiment of the present invention. 

Fig . 11 is an explanatory view of themaskplate image pick-up 
process in the method for f ormingprint inspecting data according 
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to the first embodiment of the present invention. 

Fig. 12 is an explanatory view of themaskplate imagepick-up 
process in themethod for formingprint inspecting data according 
to the first embodiment of the present invention. 

Fig . 13 is a flow chart for a mask plate image pick-up process 
for forming mask opening data in a method for forming print 
inspecting data according to a second embodiment of the present 
invention. 

Fig. 14 is an explanatory view of themaskplate imagepick-up 
process in themethod for formingprint inspecting data according 
to the second embodiment of the present invention. 

Fig. 15 is an explanatory view of themaskplate imagepick-up 
process in themethod for formingprint inspecting data according 
to the second embodiment of the present invention. 

Fig. 16 is an explanatory view of themaskplate imagepick-up 
process in themethod for formingprint inspecting data according 
to the second embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
( First Embodiment ) 

In the present invention according to a first embodiment, 
in a mask data obtaining step for obtaining positions or forms 
of opening parts by picking-up the image of a mask plate, when 
the image pick-up visual field of a camera is sequentially moved 
to a plurality of visual field positions set to the mask plate 
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in accordance with a prescribed moving sequence, if incomplete 
opening parts partly protruding from an image obtained in one 
image pick-up visual field are detected, an adjacent image 
pick-up visual field is overlapped on the one image pick-up 
visual field by an overlap margin determined by the sizes of 
the incomplete opening parts in the image. Thus, an 
inconvenience that the opening parts protrude in the obtained 
image is eliminated so that inspecting data can be simply and 
efficiently formed . 

Now, the embodiment of the present invention will be 
described by referring to the drawings. Fig. 1 is a front 
view of a screen-printing apparatus according to a first 
embodiment. Fig. 2 is a side view of the screen-printing 
apparatus according to the first embodiment of the present 
invention. Fig. 3 is a plan view of the screen-printing 
apparatus according to the first embodiment of the present 
invention. Fig. 4 is a plan view of a board printing surface 
by the screen-printing apparatus according to the first 
embodiment of the present invention. Fig. 5 is a block diagram 
showing the structure of a control system of the screen-printing 
apparatus according to the first embodiment of the present 
invention. Fig. 6 is a view showing the storage contents of 
a program storing part and a data storing part of the 
screen-printing apparatus according to the first embodiment 
of the present invention. Fig. 7 is an explanatory view of 
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element form and position data of element solder printing parts 
of the screen-printing apparatus according to the first 
embodiment of the present invention. Fig. 8 is a flow chart 
for a mask plate image pick-up process for forming mask opening 
data in a method for forming printing inspection data according 
to the first embodiment of the present invention. Fig. 9 is 
a diagram showing a visual field position upon mask plate image 
pick-up process in the method for forming printing inspection 
data according to the first embodiment of the present invention. 
Figs. 10, 11 and 12 are explanatory views of the mask plate 
image pick-up process, in the method for forming printing 
inspection data according to the first embodiment of the present 
invention. 

Initially, the structure of the screen-printing apparatus 
will be described with reference to Figs. 1, 2 and 3. The 
screen-printing apparatus has a structure including not only 
a printing mechanism for printing cream solder on a board on 
which electronic parts are mounted, but also a function as a 
printing inspection apparatus for inspecting the printed state 
of the scream solder on the board after a screen printing, and 
a function in a printing inspection, as described below, as 
a printing inspection data forming apparatus for forming 
inspecting data including form and position data indicating 
the forms and the positions of solder printing parts on which 
the cream solder is printed. 
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In Figs. 1 and 2, a board positioning part 1 comprises a 
9 -axis table 4 stacked on a moving table including an X-axis 
table 2 and a Y-axis table 3 and a Z-axis table 5 further disposed 
thereon. On the Z-axis table 5, a board holding part 7 for holding 
a board 6 held by a clamper 8 from a lower part is provided. 
The board 6 as an object to be printed is conveyed to the board 
positioning part 1 by a take-in conveyor 14 shown in Figs. 1 
and 3. The board positioning part 1 is driven so that the board 
6 is moved to X and Y directions and positioned at a 
below-described printing position and a board recognizing 
position. A take-out conveyor 15 conveys out the board 6 after 
the printing operation. 

Above the board positioning part 1, a screen mask 10 is 
arranged. A mask plate 12 is mounted on a holder 11 to form 
the screen mask 10. The board 6 is positioned and abuts on 
the mask plate 12 from a lower part by the board positioning 
part 1. Within a solder printing range 6a on a circuit forming 
surf ace of theboard 6, electrodes 6b, 6c, 6d and 6e for connecting 
together different kinds of electronic parts PI, P2, P3 and 
P4 are provided as shown in Fig. 4(a) . 

On the screen mask 10, a squeegee head 13 is arranged to 
freely reciprocate in the horizontal direction. While theboard 
6 abuts on the lower surface of the mask plate 12, cream solder 
9 is supplied onto the mask plate 12 and the squeegees 13a of 
the squeegee head 13 are allowed to abut and slide on the surface 
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of the mask plate 12, so that the cream solder 9 is printed 
on the printing surface of the board 6 through pattern holes 
16 provided on the mask plate 12. Thus, as shown in Fig. 4 (b) , 
element solder printing parts SI, S2, S3 and S4 are respectively 
formed on the electrodes 6b, 6c, 6d and 6e. 

Above the screen mask 10, a camera 20 as image pick-up means 
is provided. As shown in Fig. 3, the camera 20 is horizontally 
moved in X and Y directions by an X-axis table 21 and a Y-axis 
table 22 . The X-axis table 21 and the Y-axis table 22 are camera 
moving means for moving the camera 20. The camera 20 is moved 
relative to the mask plate 12 by the camera moving means so 
that the camera 20 picks-up the images of arbitrary positions 
of the mask plate 12. 

As shown in Fig. 2, the board positioning part 1 is moved 
in a Y direction from a lower part of the screen mask 10 by 
the Y-axis table 3 to move the held board 6 to a board recognizing 
position. Under this state, the camera 20 is moved to the board 
6 on the board positioning part 1 so that the camera 20 can 
pick-up the images of the arbitrary positions of the board 6. 

Now, referring to Fig. 5, the structure of a control system 
of a screen printing apparatus will be described below. In 
Fig. 5, a calculation part 25 is a CPU to perform various kinds 
of programs stored in a program storing part 26 so that the 
calculation part 25 performs various kinds of calculations and 
processes described below. In these calculations and processes , 
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various types of data stored in a data storing part 27 are 
employed . 

An operation and input part 2 8 is input means such as a 
keyboard or a mouse to input various kinds of control commands 
or data . A communication part 29 transmits data to and receives 
data from other apparatus forming electronic parts mounting 
line together with the screen printing apparatus. An image 
processing part 30 performs an image process of image data 
picked-up by the camera 2 0 to recognize solder printing parts 
for a printing inspection or detect mask opening parts for 
forming printing inspection data, as described below. 

Amechanism control part 31 controls the camera moving means 
for moving the camera 2 0 or squeegee moving means for moving 
the squeegee head 13. A display part 32 is a display apparatus 
and serves as display means for displaying an operating screen 
in a printing inspection data forming process or the decided 
result of the print inspection as well as images obtained by 
the camera 20. 

Now, referring to Fig. 6, the programs and the data 
respectively stored in the program storing part 2 6 and the data 
storing part 27 will be described. In the program storing part 
26, the various kinds of programs including a printing operation 
program 26a, an image processing program 26b, a program 26c 
for deciding whether a print is good or not, a mask plate image 
pick-up processing program 26d or the like are stored. 
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The printing operation program 26a is a program for the 
printing operation for controlling the operations of the board 
positioning part 1 and the squeegee head 13 to print the cream 
solder 9 on the board 6. The image processing program 2 6b is 
a program according to which the image processing part 3 0 carries 
out two kinds of processes described below based on the image 
pick-up results of the camera 20. 

Firstly, the image pick-up result obtained by picking-up 
the image of the board 6 after printing is recognized to detect 
the element solder printing parts (see Fig. 4 (b) ) respectively 
formed on the electrodes of the board 6 and calculate the area 
of each element solder printing part. Further, the image 
pick-up result obtained by picking-up the image of the mask 
plate 12 is recognized to detect each pattern hole 16 provided 
in the mask plate 12 and form mask opening data based on the 
detected result. 

The program 26c for deciding whether a print is good or 
not compares the area of the element solder printing part 
calculated by the image processing part 30 with an inspection 
threshold value to decide whether or not the printed state of 
each element solder printing part is good. That is, a function 
realized by the image processing part 30 and the calculation 
part 25 which perform the program 26c for deciding whether a 
print is good or not constitutes print deciding means for 
deciding whether a printed state is good or not on the basis 
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of the image pick-up result of the board and the inspecting 
data necessary for performing the printing inspection. 

The mask plate image pick-up processing program 26d is a 
program for performing a necessary process when the mask plate 
12 is divided by a plurality of image pick-up visual fields 
to pick-up images upon picking-up the image of the mask plate 
12 by the camera 20 to prepare the mask opening data . As described 
below, opening parts showing the pattern holes are prevented 
from being divided by the boundaries of the image pick-up visual 
fields by this mask plate image pick-up process. 

In the data storing part 27, mounting data 27a, a parts 
data library 27b and a mask opening data library 27c are stored. 
The mounting data 27a, the parts data library 27b and the mask 
opening data library 27c of these data are transferred from 
other apparatus such as data managing computer through a 
communication part 29 and stored. 

The mounting data 27a is data used in a mounting operation 
for mounting electronic parts on the board on which the cream 
solder is printed, that is, data in which the kinds of electronic 
parts to be mounted are associated with mounting position 
coordinates on the board. The parts data library 27b is data 
related to individual electronic parts to be mounted on the 
board. The mask opening data library 27c stores numeric value 
data showing the opening positions or the sizes of the pattern 
holes 16 of the mask plate 12 used for printing for many kinds 
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of goods and is previously given as the mask opening data attached 
to the individual mask plates. 

In an example of the mask plate 12 shown in Fig. 7 , data 
of each pattern hole 16b or 16e is given. For instance, as 
for the pattern hole 16b, dimensions a and b showing the size 
of the pattern hole or the position coordinate values xl, x2, 
x3, x4...., yl, y2, y3, y4.... of each pattern hole 16b relative 
to a reference origin are given in the form of numeric value 
data. As for other pattern holes, the same data is given . This 
mask opening data is used as element position and form data 
showing the positions and forms of the element solder printing 
parts (SI to S4) shown in Fig. 4(b) in the print inspection. 

When an inspection after the printing operation is performed, 
the mask opening data is not necessarily prepared as data library 
for all kinds of boards so that a performer side of the inspection 
may sometimes need to prepare the mask opening data. In this 
case, as described above, the image of the actual mask plate 
12 is picked-up by the camera 20 to form the mask opening data. 

That is, upon forming the printing inspection data in such 
a case, a process for obtaining element form and position data 
(a mask data obtaining step) , is carried out, which shows the 
forms and positions of the element solder printing parts printed 
on the electrodes for connecting electronic parts provided on 
the circuit forming surface of the board by detecting the opening 
parts of the mask plate based on the images got by picking -up 



19 



the image of the mask plate used for the screen printing by 
the camera. 

Subsequently, amaskplate image pick-up process for forming 
the mask opening data will be described by referring to each 
figure. Firstly, referring to Fig . 9, the arrangement of visual 
field positions set to the mask plate 12 is described. 
Ordinarily, the printing range of the mask plate 12 whose image 
is to be picked-up is larger than the image pick-up visual field 
of the camera 20 . Accordingly, when the image of one mask plate 
is picked-up, the image needs to be picked-up a plurality of 
times while the position of the image pick-up visual field of 
the camera 20 is sequentially shifted. Therefore, when the 
image of the mask plate is picked-up, visual field positions 
as target positions where the image pick-up visual field moves 
are previously set to the mask plate on the basis of a visual 
field size. 

Specifically, as shown in Fig. 9, to a printing range 12a, 
a plurality of visual field positions [1] , [2] , [3] , [4] , [5] 
and [6] are set in a grid shaped arrangement having two rows 
and three columns. That is, the visual field positions are 
set in the grid shaped arrangement having rows combined with 
columns. In this arrangement, [1] and [2] form a first column, 
[3] and [4] form a second column and [5] and [6] form a third 
column. Then, the image pick-up visual field 20a of the camera 
20 is sequentially moved to these visual field positions in 
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a prescribed moving sequence to obtain a plurality of images. 
Accordingly, a necessary image pick-up range can be completely 
covered. 

Here, as described below, the prescribed moving sequence 
is a moving sequence performed in such a manner that a linear 
column movement (from an upper side to a lower side in Fig. 
9) toward the same direction from a start end side to a terminal 
end side of a first direction (Y direction) in the grid-shaped 
arrangement is repeated for each column in a second direction 
(X direction) perpendicular to the first direction. 

Here, grid shaped broken lines show visual field boundaries 
when the image pick-up visual filed 20a of the camera 20 is 
located in these visual fields . When the visual field positions 
are set as shown in Fig. 9, the visual field boundaries may 
sometimes traverse the pattern holes. This means a fact that 
when the image pick-up visual field is simply moved to these 
visual field positions to pick-up the image, an opening part 
showing one pattern hole is detected over a plurality of images . 

In the openingpart divided and included in the plural images 
as described above, the position or the form of the opening 
part cannot be obtained under this state . Accordingly, in this 
embodiment, the positions or the forms of the opening parts 
to which incomplete opening parts detected in their divided 
forms belong are obtained by a method described below. 

Now, a specific image pick-up process will be described 
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in accordance with a flow chart of Fig. 8. Firstly, the camera 
20 is moved on the mask plate 12 to move the image pick-up visual 
field 20a to a target visual field position (ST1) . Here, as 
shown in Fig. 10(a), the first visual field position [1] is 
a first object whose image is to be picked-up. Then, the image 
of this image pick-up visual field is obtained by the camera 
20 (ST2) to recognize the obtained image (ST3). Thus, an image 
20b shown in Fig. 10(b) is obtained and the pattern holes 16b 
in the image pick-up visual field are detected as the opening 
parts . 

Here, it is decided whether or not the incomplete opening 
parts in which parts of the opening parts partly protrude from 
the image 20b so that the forms are not completed are detected 
in a direction of X (ST4) . Then, when the incomplete opening 
parts are present in the direction of X, a data formation 
excluding range which is excluded from a range where data is 
to be formed is determined based on the sizes of the detected 
incomplete opening parts in the direction of X and stored (ST5) . 

Specifically, in this example, as shown in Fig. 10(b), 
incomplete opening parts 16b (X) corresponding to the pattern 
holes 16b are detected in the right boundary side in the image 
20b. Then, the size BX1 of the incomplete opening part 16b (X) 
in the direction of X is obtained on the image. The range of 
a width size BX2 obtained by adding a prescribed margin to the 
BX1 is considered to be the data formation excluding range (see 
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oblique line hatching parts) . The part considered to be the 
data formation excluding range as described above is not a part 
for which the mask opening data is to be formed in the image. 
As described below, such a visual field movement as to include 
these incomplete opening parts in an adjacent image pick-up 
visual field is carried out. 

Then, it is decided whether or not the above-described visual 
field position is located in a terminal end in the direction 
of Y (ST6) . Since the visual field position [1] is not located 
in the terminal end in the direction of Y, the procedure advances 
to (ST9) to decide whether or not incomplete opening parts are 
present in the direction of Y . Then, when the incomplete opening 
parts are present in the direction of Y, a data formation 
excluding range which is excluded from a range where data is 
to be formed is determined based on the size of the detected 
incomplete openingparts in the direction of Y and stored (ST10) . 

In the example shown in Fig. 9(b) , incomplete openingparts 
16b (Y) are detected in the lower boundary side in the image 
20b. The size BY1 of the detected incomplete opening parts 
16b (Y) in the direction of Y is obtained on the image. The 
range of a width size BY2 obtained by adding a prescribed margin 
to the BY1 is considered to be a data formation excluding range 
(see oblique line hatching parts) . 

Then, when the data formation excluding range in the 
direction of Y is determined, the width size BY2 is determined 
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to be an overlap margin in the direction Y in a next visual 
field (ST11) and the procedure returns to (ST1) . As shown in 
Fig. 11 (a) , the image pick-up visual field 20a is moved to the 
visual field position [2] as a next object. At this time, as 
for an amount of movement of the visual field 20a, the visual 
field 20a is not directly moved by a visual field size in the 
direction of Y, and the visual field 20a is overlapped by the 
BY2 determined as the overlap margin in the direction of Y on 
the image pick-up visual field in the previous visual field 
position. That is, the overlap margin in the direction of Y 
is determined based on the size of the incomplete opening parts 
in the direction of Y in the image. 

Thus, as shown in Fig. 11 (b) , the image 20b in which the 
pattern holes 16b, which are the incomplete opening parts on 
the image obtained in the visual field position [1], are 
completely included is obtained. Then, the same processes are 
performed on the image 20b. Here, incomplete opening parts 
16d(X) corresponding to pattern holes 16d are detected in the 
right boundary side in the image 20b. Then, the size DX1 of 
the incomplete opening parts 16d(X) in the direction of X is 
obtained on the image . The range of a width size DX2 is likewise 
determined to be a data formation excluding range (see oblique 
line hatching lines) and stored. 

Then, in the (ST6) , since the visual field position [2] 
is located in a terminal end in the direction of Y, the procedure 
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advances to (ST7) to determine the maximum value of the sizes 
of the data formation excluding ranges in the image pick-up 
visual fields in this column as an overlap margin in the direction 
of X. That is, the larger size of the width sizes BX2 and 
DX2 of the data formation excluding ranges in the direction 
of X in the visual fields in the visual field positions [1] 
and [2] is determined as the overlap margin in the direction 
of X upon change of a column position. Here, when the BX2 is 
larger than the DX2, the BX2 is determined as the overlap margin 
in the direction of X. Then, when the overlap margin in the 
direction of X is determined, the column position is changed 
(ST8) . 

As shown in Fig. 12 (a) , the image pick-up visual field 20a 
is moved to the visual field position [3] of a second column. 
At this time, the visual field 20a is not moved by a visual 
field size in the direction of X, and overlapped by the BX2 
determined as the overlap margin in the direction of X on the 
image pick-up visual field in the visual field position of a 
first column. In other words, the overlap margin in the 
direction of X (second direction) in which two adjacent image 
pick-up visual fields are overlapped in the direction of X is 
set based on the maximum size of sizes of the incomplete opening 
parts in the direction of X detected in the first column movement . 
Then, in a column movement subsequent to the first column 
movement, the same overlap margin in the direction of X is used 
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for all the visual field positions. 

Thus, as shown in (A) of Fig. 12 (b) , the image 20b in which 
the pattern holes 16b, which are the incomplete opening parts 
on the image obtained in the visual field position [1], are 
completely included is obtained. Then, the same processes are 
performed for the image 20b . Here, since the incomplete opening 
parts are not detected in the image 20b, data formation excluding 
ranges are not set both in the directions of X and Y. Then, 
in the (ST11), after an overlap margin in the direction of Y 
is determined to be 0, the procedure returns to the (ST1) to 
move the image pick-up visual field. 

In this case, the image pick-up visual field 20a is directly 
moved to the visual field position [4] shown in Fig. 12(a) . 
Thus, as shown in (B) of Fig. 12(b), the image 20b in which 
pattern holes 16d, which are the incomplete opening parts on 
the image obtained in the visual field position [2], are 
completely included is obtained. Then, the same processes are 
performed for this image 20b. 

Here, since the incomplete opening parts are not detected 
in the image 20b, data formation excluding ranges are not 
determined both in the directions of X and Y. Then, in the 
(ST6) , since the visual field position [4] is located in a 
terminal end in the direction of Y, the procedure advances to 
the (ST7). However, since the incomplete opening parts are 
not detected in the second column, the procedure directly moves 
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to the (ST8) to change a column position without overlapping 
in the direction of X- Then, after that, the same processes 
are repeated in the visual field positions [5] and [6] . Thus, 
the image pick-up processes for the mask plate 12 as an object 
are finished. 

Specifically, in the above-described image pick-up 
processes, when the image pick-up visual field 20a of the camera 
20 is sequentially moved to the plural visual field positions 
set to the mask plate 12 in a prescribed moving sequence to 
obtain a plurality of images, if the incomplete opening parts 
in which parts of the opening parts partly protrude from the 
image obtained in one image pick-up visual field and the forms 
are not completed are detected, the adj acent image pick-up visual 
field in the end of the image in which the incomplete opening 
parts are detected is overlappedby the overlapmargin determined 
based on the size of the incomplete opening parts in the image 
on the one image pick-up visual field. 

Accordingly, when the image pick-up visual field is moved 
on the mask plate to pick-up images a plurality of times, even 
if the opening parts may partly protrude from the image pick-up 
visual field in one visual field position, the opening parts 
are always completely included in any one of the images 
respectively on the obtained images. Therefore, the mask 
opening data can be simply and efficiently obtained to form 
the inspecting data without increasing a processing load or 
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generating the deterioration of detection accuracy due to the 
fragmentation of the opening parts on the image. 

As described above, according to the present invention in 
the first embodiment, in the mask data obtaining step for 
picking-up the image of the mask plate to obtain the positions 
or the forms of the opening parts, when the image pick-up visual 
field of the camera is sequentially moved to the plural visual 
field positions set to the mask plate in accordance with a 
prescribed moving sequence, if the incomplete opening parts 
which partly protrude from the image obtained in one image 
pick-up visual field are detected, the adjacent image pick-up 
visual field is overlapped by the overlap margin determined 
based on the size of the incomplete opening parts in the image 
on the one image pick-up visual field to pick-up the image. 
Thus, an inconvenience due to the protrusion of the opening 
parts in the obtained image can be eliminated and the inspecting 
data can be simply and efficiently formed. 
(Second Embodiment) 

In the present invention according to a second embodiment, 
in a mask data obtaining step for obtaining the forms or 
configurations and the positions of opening parts by picking-up 
the image of a mask plate, when the image pick-up visual field 
of a camera is sequentially moved to a plurality of visual field 
positions set to the mask plate in accordance with a prescribed 
moving sequence, if an incomplete opening part in which a part 
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of the opening part partly protrudes from an image obtained 
in one image pick-up visual field, the incomplete opening part 
is registered as an opening part to be connected, and then, 
a connecting process is carried out in which an opening part 
to be connected that is already registered in an image obtained 
in an adjacent image pick-up visual field on an edge of an image 
where the opening part to be connected is detected and 
corresponds to the opening part to be connected is connected 
to the opening part to be connected to form one opening part. 
Thus, inspecting data can be simply and efficiently formed. 
The explanation of a part duplicated with the first embodiment 
will be omitted. 

Fig. 13 is a flow chart of a mask plate image pick-up process 
for forming mask opening data in a method for forming printing 
inspection data according to the second embodiment of the present 
invention. Figs. 14, 15 and 16 are explanatory views of the 
mask plate image pick-up process in the method for forming print 
inspecting data according to the second embodiment of the present 
invention. 

Now, a specific image pick-up process will be described 
in accordance with the flow chart of Fig. 13 . Firstly, a camera 
20 is moved to the mask plate 12 to move an image pick-up visual 
field 20a to a target visual field position (ST1) . Here, the 
first visual field position [1] shown in Fig. 9 is a f irs t ob j ect 
whose image is to be picked-up. Then, the image of this image 
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pick-up visual field is obtained by the camera 20 (ST2) to 
recognize the obtained image (ST3) . Thus, an image 20b shown 
in Fig. 14(a) is obtained and pattern holes 16b in the image 
pick-up visual field are detected as the opening parts. 

Here, it is decided whether or not the incomplete opening 
parts in which parts of the opening parts partly protrude from 
the image 20b so that their forms are not completed are detected 
in the direction of X (ST4) . Then, when the incomplete opening 
parts are present in the direction of X, the detected incomplete 
opening parts are registered as opening parts to be connected 
in the image to store the positions and forms thereof (ST5) . 

Specifically, in this example, as shown in Fig. 14 (a) , the 
incomplete opening parts 16b (X) corresponding to the pattern 
holes 16b are detected in the right boundary side in the image 
20b. Then, the forms of the incomplete opening parts 16b (X) 
(here, rectangular shapes) are decided and yll, yl2 and yl3 
as positions in the direction of Y are obtained on the image 
to store these data. 

Here, the positions of opening parts to be connected are 
located in a left side in the visual field, a process is carried 
out for connecting opening parts to be connected which are 
already registered in an adjacent image pick-up visual field 
of a previous column to the opening parts to be connected which 
are registered in the image of the image pick-up visual field. 
In this example, since the visual field position [1] is in a 
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first column, the previous column does not exist . Accordingly, 
the connecting process is not performed. 

Then, whether or not the visual field position is located 
in a terminal end of the direction of Y (ST7) . Since the visual 
field position [1] does not exist in the terminal end of the 
direction of Y, the procedure advances to (ST9) to decide whether 
or not incomplete opening parts exist in the direction of Y. 
Then, when the incomplete opening parts are present in - the 
direction of Y, the detected incomplete opening parts are 
registered as opening parts to be connected to store the 
positions and forms thereof (ST10). 

Specifically, as shown in Fig. 14 (a) , the incomplete opening 
parts 16b (Y) corresponding to the patternholes 16b are detected 
in the lower side in the image 20b. Then, the configurations 
of the incomplete opening parts 1 6b ( Y) are decided and positions 
xll, xl2 and xl3 in the direction of X are obtained on the image 
to store these data. 

Here, when the positions of opening parts to be connected 
are located in an upper edge side in a visual field, a connecting 
process is carried out in which opening parts to be connected 
that are already registered in a previous image pick-up visual 
field are connected to the opening parts to be connected that 
are registered in the image of this image pick-up visual field. 
In the example shown in Fig. 14 (a) , since the incomplete opening 
parts 16b (Y) are detected only in the lower edge side, the 
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connecting process is not carried out. 

After that, the procedure returns to the (STl) to move the 
image pick-up visual field 20a to the visual field [2] as a 
next object and repeat the steps after the (ST2) . Thus, an 
image shown in Fig. 14(b) is obtained and incomplete opening 
parts 16d(X) in the direction of X are detected in a right edge 
side and incomplete opening parts 16b (Y) in the direction of 
Y are detected in an upper edge side. Then, these incomplete 
opening parts 16d (X) and 16b (Y) are registered as opening parts 
to be connected to store respectively the configurations or 
forms and positions x21, x22, x23, y21 and y22 thereof. 

Since the incomplete opening parts 16b (Y) in the direction 
of Y are detected in the upper edge side, a connecting process 
is performed in (ST11) in which the incomplete opening parts 
16b (Y) are connected to the opening parts to be connected that 
are already registered in the previous image pick-up visual 
field. That is, as shown in Fig. 15 (a) , the incomplete opening 
parts 16b (Y) included in the image in the visual field position 
[1] are butted and connected onto the incomplete opening parts 
16b (Y) included in the image in the image pick-up visual field 
[2] . 

Accordingly, as shown in Fig. 15(b), the two incomplete 
opening parts obtained in the separate images are connected 
together to form the opening parts 16b (pattern holes) whose 
configurations are completed on the image. Then, on the basis 
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of this image, data showing sizes a and b and a central position 
C (x, y) of each opening part 16 is obtained which have been 
incapable of being detected in the original images obtained 
by picking-up the images respectively in the visual fields. 
Then, the data of the opening parts in which these connecting 
processes are performed is combined with the data of the opening 
parts individually detected in the respective images to obtain 
the mask opening data shown in Fig. 7. 

When the two images are butted on each other in the connecting 
process, the central positions of the incomplete opening parts 
do not usually correspond to each other . As shown in one opening 
part 16b of Fig. 15(b), the positions xl3 and x23 in the direction 
of X do not sometimes correspond to each other. In such a case, 
the average position xm of the positions xl3 and x23 is obtained 
as a central point of dislocation and the two incomplete opening 
parts are respectively moved to the central point of dislocation . 
That is, in this connecting process, when the opening part to 
be connected is dislocated from the opening part to be connected 
that corresponds thereto and is already registered, both the 
opening parts are respectively moved by half an amount of 
dislocation toward the central point of dislocation. 

After that, the procedure returns again to the (ST1) to 
move the image pick-up visual field20atoa visual field position 
as a next object and repeat the same processes. Thus, in the 
visual field positions [3] and [4], images shown in Figs . 16(a) 
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and 16(b) are obtained. Then, a connecting process is carried 
out in which the opening parts 16b (X) to be connected in the 
direction of X that are already detected and registered in the 
visual field position [1] are butted and connected to the opening 
parts 16b (X) to be connected in the direction of X are detected 
and registered in the visual field position [3] . Further, 
a connecting process is carried out in which the opening parts 
16d(X) to be connected in the direction of X that are already 
detected and registered in the visual field position [2] are 
butted and connected onto the opening parts 16d(X) to be 
connected in the direction of X that are detected and registered 
in the visual field position [4] . Then, after that, the same 
image pick-up processes are performed in the visual field 
positions [5] and [6], so that the image pick-up processes for 
the mask plate 12 as a target are completed. 

That is, in the above-described image pick-up processes, 
when the image pick-up visual field 20a of the camera 20 is 
sequentially moved to a plurality of visual field positions 
set to the mask plate 12 in a prescribed moving sequence, if 
the incomplete opening parts in which parts of the opening parts 
partly protrude from the image obtained in one image pick-up 
visual field so that the forms are not completed are detected, 
the incomplete opening parts are registered as the opening parts 
to be connected in this image. Then, a connecting process is 
carried out in which the opening parts to be connected that 
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are already registered in the image obtained in the adjacent 
image pick-up visual filed in the edge of the image in which 
the opening parts to be connected are detected and correspond 
to the openingparts to be connected are searched, and the opening 
parts to be connected that are already registered are connected 
to the opening parts to be connected to form complete openings 
respectively . 

Thus, when the image pick-up visual field is moved on the 
mask plate to pick-up the images a plurality of times, even 
if the opening parts may possibly partly protrude from the image 
pick-up visual field in one visual field position, the 
corresponding incomplete opening parts are properly butted and 
connected onto the above-described opening parts. 
Consequently, the positions and forms of the opening parts can 
be precisely obtained so that the mask opening data can be simply 
and efficiently obtained to form the inspecting data. 

As described above, according to the present invention of 
the second embodiment, in the mask data obtaining step for 
obtaining the positions or the configurations of the opening 
parts by picking-up the image of the mask plate, when the image 
pick-up visual field of the camera is sequentially moved to 
a plurality of visual field positions set to the mask plate 
in a prescribed moving sequence, if the incomplete opening parts 
partly protruding from the image obtained in one image pick-up 
visual field are detected, the incomplete opening parts are 
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registered as the opening parts to be connected in this image, 
and then, a connecting process is carried out in which the opening 
parts to be connected that are already registered in the image 
obtained in the adjacent image pick-up visual filed in the edge 
of the image in which the opening parts to be connected are 
detected and correspond to the opening parts to be connected 
are connected to the opening parts to be connected to form 
complete openings respectively. Accordingly, the inspecting 
data can be simply and efficiently formed. 

As described above, according to the present invention, 
in the mask data obtaining step for obtaining the positions 
or the configurations of the opening parts by picking-up the 
image of the mask plate, when the image pick-up visual field 
of the camera is sequentially moved to a plurality of visual 
field positions set to the mask plate in a prescribed moving 
sequence, if the incomplete opening parts partly protruding 
from the image obtained in one image pick-up visual field are 
detected, a process for obtaining the complete opening parts 
to which the incomplete opening parts belong is performed based 
on the detected result. Therefore, the inspecting data can 
be simply and efficiently formed. 
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